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C57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
removing contamination due to impurities and physical 
damages onto the surface of a semiconductor substrate 
before crystal growth or on the surface of a 
semiconductor before regrowth, with a minimum change 
in shape, without inducing the diffusion of impurities or 
crystal defects in an original semiconductor layer. 
SOLUTION; In a crystal growth apparatus, a material 
having etching action and a material for crystal growth 
are supplied at the same time onto the surface of a 
semiconductor wafer to be well-balanced between an_ 
etching rate and a crystal growth speed, resulting in. the 
efficient removal of residual impurities. 
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0 4f, MOVPEWfTBC I t TM I n&tfPH 

3 £ ^i/Ntfminr i o»H«ttLT, 

ft^fc (+>->^jua) „ c:c?)SSi8?f«affiff)^roTBc 

1 ©0H&SI*1 9. 4(imo I /m i nt, C*U± i n 

L TMI n <D&$&Sli 1 5. OSfimol/min, 
PH 3 ©iM*2, 6 8mmo l/ml nTJ&y, C 
tlfef* I n P»fiSgjS®l-LT2 0. 5nm/minl: 
ffiSf 6. JS-at. TBC I |=J:S I n P«Hvf>? 
Sfft. TMI nSyPH3l:<t^I n P<7>l£&ill£li 
*L<, -0>*B»»«Si|»l=lEIBtiBtftLfc7>K 
-^InPgl 0 3 a>BW*fcttfttS tfcUffiStifM 
HBSrogiSSJtli. 6 2 5 0 CtLfe„ 
[0057] tm<7>Mzz®B<» 1 n PSAftM&Itfflr 
OT^nrof?£&#® 1 0 4T?©TBC I , TMI n, at/ 

p h 3 1= * zwLmiUftmmz'nfr'i' i= 2 s § ©7 > k- 

? I n P11 0 5»Sltfi$ia»Lfc*i'7'* {-y-V^l- 
B) tftSLf:. 

[0 0 5 8] +r>^UA&U;+r>^UBror-pC7>-y->^ 

rt^II**JHIi!OMTW«i»=ot»-cz**f+> 

fl»« (S IMS) tffllV. 7>F-^I nPHl 
fe„ 

[0 0 5 91 S-<7)J*fi*ffi 104-TJTBCI, TMI 

n. j«fPH3i::*4aas*»tes«m?fcfrofc-*:' 
c o. si ft«ams*i. *«MUEa*4i**i. ffi^K 

iCLTC : 6. 4 x 1 0 1 0 a t oms/cm^, O : 
6. 9x10l1atoms/cm2, Si : 1 . 2 x 
1 0 1 2 a t oms/omZSSTfe^:. f&- 
MfiSBl04T-TBCI (19. 4x*mol/mi 
n) , TMI n (15. 0 8;/ mo I /m in), W 
PH 3 (2. 68mmo I /m i n) 1 = J: 

a$frofc-y->^AT?i*. ^rotinn 0 4t?© 

C, O, S i $©««iFttttr*l»rftt.ttttlB*6lTTf 

feofc„ zc-e*»S-efl>a*TBi4*4i^ti, C : 6 

x107 a toms/crr.2, O:6x108 a tom 
s/crr.2. S i : 6x 1 0? a t oms/cm2 ffi 
a-C'feofc„ *fcx-jf>^^i LTifALfcC I % 

1 07 a t oms/cmZSi-Cfc^fc. 

[0060] ^Cfc. *£|60J-1?J*?g-<»fi6fiJf® 1 O 4 
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[0061] m-ommm 

HK*»JStLfc8L S1i»aB©-»^H5TX^e» 
L, >-*X h^-f ^^ISft*. *©&. TX-S'f^xy 

-f ?fcRltfctt. *©aBI=»Lrt 

«T. B1 OS#BLT*SIMIl::o 

{00621 *rffl*»aart*^n-fexi=*y. ni 

I n P&ffi3 0 1H:I nGaAsP/I n G a A s P 

lf#F3 0 7 .tSHWif *y^^n«ltfl« 

U SS-©?flSgS^3 0 8)::$-©£!fcffl£EC£* 
T'±ffi#S^©*Si«#tea£]&Lfc&l::. plinP 
1302, nSlnPj§303. P SlnPl304? 

[0 0 6 3] ^(^©^X/vfcMOVPEjPrtlZfcytti 

XC:J:yfftSLfc:SL StfMO V P E#3|*)l::$AL, IS 

z©HfiSfi#p 309 t-«is*^B^<o±iE3tffi/ s tif *aa 

P^71/KS3 0 5 V P -lnGaAs3>?^H3 
[0 0 6 4] LOOS^-romE-mSSE^tts ®3!E-7ttil* 

$#i4£si5t ifcic *fg$©sffi*;*«wi£ffli.>fc 

89<H*&*II~<J: yttSlt^P >vf JSfl£/SiiiI©S5-©f5fife 
SI?® 3 0 8OTS i «f©nH»B^««)A«a^UfcCt 

K^S^A^'J? Lfc d k iCcfc y . «35&®*><JK l J 

*i. ffiS&S^©1£TLfcJ&£[-<fc&4»©T?&&fc#*e> 

*v£. £33. JMIffifllT?!*. §&-©Sf£gfit@ 3 0 8 33 

Lfc#. 1*1**1.*-*. fcixffg5-©fSm^ffi3 0 

[0 0 6 5] « = 

©lSfi*I1 0 4fi»C, O. S i ^<7ja©^SE«J®S 



[0066] ( i ) i}Z.O)im. 

t -JS<f?T^ { (C H 3) 3 C C I : TBC 1 ) , fcf 
X^WS-'t^^^D,^ K ( [ (CH3) 
2 ) N2PC I : B DMA P C I) SffllWi. 
( i i ) 0X0IU 

mo v p Ejprt^©a*x©wt&&£S1\ 

{ i i i ) X-y=F>ySlS 

an>i=***ifcaEft-exvf>y**xfl)*ft*ttLfc» 
*©x^>*a*s*i-. ^<otti4*«se»tj: y* 

ftjt«t*1-. ^<offli*T*WBtr=J:y**>&*tfct,<© 
Cv) JKJ9Kfb«tt 

fBfltft'MMn-f «*$£2E. BBEft*»'>1-6*B#*fttS 

©ffist£*„ 
(vi) *fxMft**t 

a«*3Stl*. xy^^ffxfcjtffifcfiflxfc-JEft 

*st?$>y. »*x«tit«i-*«Mt*rx©ft»*#±i' 
4^Pfl*s5i=»ys-r. 

(v i ! ) i)U hX7f^ 

7>K-?l nPHl 0 3©j|tJM!HI©ttl=. i?f> 

vmzm^fzxyTuymm&fivtzMS. ^xy n 
[0067] ck»i~4) nv^-sffrm^tm 

fitLT. t-ttft^/l- ( (CH3) 3CCI :TB 
CI) *t:tt fc'X / f S / *X 7 P 7 •( K 

( [ CCH 3) 23 N 2 PCI : BDMAPC S) 

MI n) CPH 3 > SrJflUfc. U 1 ©<fc 

n h*-7 (0 0 1 ) I n Pl«1 0 1 ±.\ZW%, 
(6OT0 r r) MOVPEj4^1lHl@©S£S^tL-C 
7>h'-^!nPl103Sl. 0(/mS§Jtfct. 
-B^x/\*MOVPEJF*&5tyajt. 1 2^riH)*Ul 
*©*. r>K-^l nPSl Q3»SI* 
yjx* hx-y^>^L. o-Slvctt* 

[00 6 8] •£©&. C^InSBCfMOVPEW 

l©f£filfcLT0. 5jim(D7>K-^inP|l0 

[00 6 9] SK^cfclf 65B#ffiglilUT©£*3y T? 
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[0 0 7 O] KM 1 Tl*ft»ftJltfffr&Aiofe, 
[007 1] tt»2Tfl*. 2BBC9*MNMItt«9ff= 
Wffeg^Sl 04T. MOVPEWtTBC I iTM 
t n2Sit;PH3SfXA©ail;l OttRljtftfSLT. & 

sat* «ia« ftofc 0 ft*-x©«»a«ri*i ic*uf= 

VF-^l n PlSl 03<J)ISW^itI*i8*>e>*t^o 

fco 

[007 2] KMs-ett. 2@a©«fiigiSSIir©f5- 

SfcfTofc. (i) TBCliTMlnM 

5#Hfk PH 3 £*&|::$&LT/<-~v£tT ; ?, tt>? 
Xf7?S, 2 0@ISyJlL-C^ttLfc. fiflXfflig 

6 2 5°CtLfc„ MSItr^l-fc(t*T> K— ^ f 
n PS51 0 3 <7>JBJ£8Mfcl* 1 OOnmiaT-efcofc. 

[0073] K*t4T»i*. zm%<r>f&&m%mM<»'%- 

©ffififlffil 04T% MOVP EjFl^T't'XiJ^^/l/T 
S/^X^-C ^R^-f F (BDMA P C I ) tTMI 
nRUtPH3*^i/N<»aBB)=1 0#R8«ietLT, £9 

fiosffiiagii, 62 5°ci:tfc. mmfflk\~im*>T-> 

i n P|gi o SOTfi^&ltliigibbiH&ft^fc,, 
[0074] (SW*5~6) X-y^^-y^ffl^^^-^S 
mtLX, t-^b^^U ( (CH 3 ) 3 CC ! : TB 

c i ) SfcUt'xi>^fA7S/+a7^ v^P^-f F 

{ [ (CH 3) 23 N 2 PCt : BDMAPC I ) 
l\ «Mt«M»fcL-Ctt, h'J/ifMVv^ (T 
M I n) Si;*X7-f> (PH 3 ) £Jmvfc. 01®* 
7l:Sn F-^ [00 1 I InP|ffi10 1±l:lE 

(6 0 To r r) MOVPEiS^I [5|@0>j£ftJi£ LT 
7>h'-?lnPll035l. 0#mMfi£-t*fc&. 
-Bt>X/\^MOVPEip^&^y*L„ 1 2TOS 



<. 3-5l/\$il/MOVPEWtjSAL. « 11= 

«l-*#-c»»»aSfTofc. *a>§L 2giBa>ift«j| 

it LT 0. 5)/m«)7>K-7'InPl105fI^* 

[0075] ftK*n=teit**»«iai*BiT©itey^ 

[0 0 7 6] «»BT?t**»»atff»3«(:**-3fc. 
[0077] 1**46 -ei*, 2@BaiftgM»&ffln«>S= 
(Dfi£g#ffl1 04^, MOVPEflppJT'TBC I iTM 
I natfPH 3 £-5x/\<D*Bi::i o#M«t»LT. £ 

*®ft«3£li. 6 2 5*Ci:Lfc. {ESffl&t^fclt^T 
^MlnPil 0 3<©lJ$gm*®&£*tfcA>o 

[0 0 7 8] ±GMWco*fNM't>ff>H*Mtl*. L N 

-ftltl OOnmiaT-Cfcofc, ±B<H<*H = O^T, 
S-roggiSIMfc INSULTS 1 MStwJ;yS®=F:Se«5tS 

bis tans Lfc, *s*sai*s*tfH2-7i=jar. n 

2-7 1*. t-ft^Ju KI4 1 - 6 ©SlSSSmi^ffif 

ffiJtT'fc-sfcfctfJs #%ttiLTll!t«*Lfc. ttft. 
g2~7-ei*. *j»fi1MBlK (*& : a t oms/c 

m3) ttT&itstifcMt cow 6. KffiHtLT 

fc : a t oms/cm2) . 

[0 0 7 9] »6HfclSffiJ:y, BlTOCtA^^AM^ 
fc-afc. ISJ¥£<b&S&Jb<6 nrn&T (0. 1 

nm/secWT) t*5*?lcx»/f-^y*'xi:jSS: 

•5„ , £ S;f}aaBiI<7>'7x^ HvfXftt, St«L*^* 
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tooei ) Bifcpg««w->^KHiiwjai^T!i=fl> 
sen 0 4-z<D%mmmmmtLx&. ^v* 

>y*fXT'feSTSC I 9. 4j/mo 1/ 

min (lnPfl>I*;f^$Sl:U2 0. 5nm/ 
minHS). PH 3 (t»«2. 6 8mmol/r«! 
ni-^iCL, TMIn©««0~3 0(/mol/ 

l\ ^)tr7> K— !nP)|105 SJfi^tfc. mtt 
XS IMSM!:J:yi2W«S !»*l=o^r 

[00 8 2] BSU, B=fl>SSttflH=*5l+6K»2©T 

M I nttttMitfeto (El*, r^ss i <SI$& 

i na*€ant*i*fcio) mas i m& 
at) j t«*> ttfsstixo*. 

[0083] 09(i, JK = (»SlftW-*3l+*K^4<OT 
M I r\%&i%it$H:k<b<Dt><iF£tlX\. y >&. 

[0084] @!8fc<fcLf;El9IC)i. S i OffiSSgt 
*l=. TBC I TM I n\Z&% I n PO/S&SIJS 

(BP*,7> K-7 I n PfS 1 0 3 <*-©J|i«H*IB> «> 

[0 0 8 5] ^fJlflJRlSfc^TtTM I n<D^M.t 

!=fc*tt>st?. sss iani;i:S'iMii£sPu sf&kt 

M I n3lfl:$«HP»-ffc. WtfJSSS i ;1ffil*±^tfc 0 
Cih-li, I'vfVyjfXfflTBC S £®3<7>j£:I#i! 

a 1 o 4i=«»Lfci8ft, mmom^s i tta&eaa 
«s i c t x t Lx-B.\tm&fr*>ismt fttcoo, 

s i — c i fflgnA 1 . s i -protiS^I=it'<T®< , s 
i — C I (0SS#M^<*l=«*lT*fcSSIw8|ftiSl,TU 
TMI^TBCI tSW^jStSt, S i 
i C I xtLTSH^&KStt-StHW-. -eft* 
■CSitfiStttUfeSS*! 1 hAM nT-*f 

•3-CS i fflfilWItTBC I I n P(5i7f> 

5ftfcye«*tft*. TMI nl^Sl r.P«l 
i, ^ffiliS i tffljfcgtt I nPSMlUL 
ffffil O4"C058®S i ©&A< x&f "St.©* 
[0 0 8 6] BIS fe«fct/IS9fl>JiJl^b. 0. Inm/ 

[ooB7] w±, mmwiz&snxx&mi&WLtz 



&&o>&wPuzti^x. &mMM\m&MmzM.®&z 
t\tWh>frx*hz>, 

[oo8 8] fcfcjtii±es««-ei*. x?r>«ffWtl 

£ -511*4 tU, TBC!, fXv^^/UTS^^ 
^70<?P50' (t (C H 3 ) 2 ] N 2 PCt) 

ste/TF/i- cch 3 c i > , mmitmm tec 

I 4) . ^y^W5/7^-»?C7-f K 
([(CH 3 ) 2 ] N 2 AsCI) , =mt® (PC I 
3) - H^MMUSA tCI 3 .«X(CI Z )^ffil 

oBrmm. i mm. F&®m&m^x$&i\ * 

ItBWic.fc'ijTJIft***. **«l=tt±13*MS«l=wL 
Kttt*rt*IS«^J:*¥3M*H©ja«a* ! t/^>X 

[0 0 8 9] *fc±£3S«lT-i;):, *SSfi6Jtatt LTM 
OVPE*S«9feMS#li:LtllWlLfc»». flkOT^ 
£=F3£. fciitl^mSxt? (MBE) 
XV-XMBE (GSMBE) 5*, «1MMBE (M 
OMB E) Ib^e-AiSfi (CBE) j*&fc'£®^ 

G a A s , InAs, GaP, GaNWfiOl I I 

[0 0 9 0] *fc®tE5SJti;o^r«, xKStfcflTf 
I*, 6 2 5°Ct LfcA*, a«0>tgilf£&A<Djg&fcSgS8! 
Bffl*.li I r. PT-feWi 4 0 0°C~7 0 OtgSQH. 
G a A s T'&titf 4 0 Otfrb 8 0 CCa^T-fetU^ 

<, xv*v?B*4i::*&¥^#iB«x»;^vy8£-¥» 

ttAAftoro 1 * * ^asftss ntfLmmv&fo^m i= * 

[0091]^;, ±E*««-CI**»»»I=»LTX 
•y =f- V yf^ffl * *-f $x v ^ >^tt*H€#t'*-©* 

ut l* ? 1 3t»*js* s^^ssi-^ c t itmmt 

■**>y*»m>ft*fcl»5*5U:. ^S**xi:x-yT^ 

y** xrow y a a ^ajii-iT d c t lu. 
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[01] £tfeffl7ftSlfe$*tt»®«t&£**-B-Cfc 



[H9] SHI«l=J3lt*»BS i ;1S»TM I ntt^g 

[no] asro*ififlic*si+*a«)aAffi*i»»u- 

[ft*0»IMH] 



So 
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nPf§ 




MS US 


1 04 












[04] Stt1Hl=^ft«H«?«!«gjilSAS f 


MS»£ 


3 0 1 








3 0 2 


pSlnPl 


EB5} ntem-tittmB^mtom&ms i 


Msas 


303 


nllnPl 






3 0 4 


pllnPl 


[06] it ««B?ffi«9Sao)S I 


M8flX 


3 0 5 


PBI nPf?7K§ 






306 


p-I nGaAs3>5 


[17] SttfflK&itftSS'FattSKas i 


MSifflS 


307 


I nGaAsP/l r»G 






3 0 8 




[12)8] ^i®flirfcl+$^SS i ;!8<73TM I 
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